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Slow-twitch fibers 26 CD47, a receptor for thrombospondin-1, limits two important regulatory axes: nitric oxide-cGMP signaling 27 and cAMP signaling, both of which can promote mitochondrial biogenesis. Electron microscopy revealed 28 increased mitochondrial densities in skeletal muscle from both CD47 null and thrombospondin-1 null mice. 29 We further assessed the mitochondria status of CD47-null vs WT mice. Quantitative RT-PCR of RNA extracted 30 from tissues of 3 month old mice revealed dramatically elevated expression of mRNAs encoding 31 mitochondrial proteins and PGC-1α in both fast and slow-twitch skeletal muscle from CD47-null mice, but 32 modest to no elevation in other tissues. These observations were confirmed by Western blotting of 33 mitochondrial proteins. Relative amounts of electron transport enzymes and ATP/O 2 ratios of isolated 34 mitochondria were not different between mitochondria from CD47-null and WT cells. Young CD47-null mice 35 displayed enhanced treadmill endurance relative to WTs and CD47-null gastrocnemius had undergone fiber 36 type switching to a slow-twitch pattern of myoglobin and myosin heavy chain expression. In 12 month old 37 mice, both skeletal muscle mitochondrial volume density and endurance had decreased to wild type levels.
38 Expression of myosin heavy chain isoforms and myoglobin also reverted to a fast twitch pattern in 39 gastrocnemius. Both CD47 and TSP1 null mice are leaner than WTs, use less oxygen and produce less heat than 40 WT mice. CD47-null cells produce substantially less reactive oxygen species than WT cells. These data indicate 41 that loss of signaling from the TSP1-CD47 system promotes accumulation of normally functioning 42 mitochondria in a tissue-specific and age-dependent fashion leading to enhanced physical performance, 43 lower reactive oxygen species production and more efficient metabolism. 44
Introduction
50
Mitochondrial biogenesis is regulated by many factors including 51 developmental cues, energy demand, thermal stress, exercise, fasting 52 and hormonal regulators (Lin et al., 2005; Feige and Auwerx, 2007;  53 Leone et al., 2005; Benton et al., 2008) . These diverse signals converge on 54 the transcriptional coactivators peroxisome proliferator-activated re-55 ceptor γ coactivator-1 α and β (PGC-1 α/β). These two coactivators 56 have distinct but overlapping tissue expression and regulatory
57
properties and are themselves regulated at the level of transcription 58 (Lai et al., 2008; Uldry et al., 2006 (Fig. 2C ). In addition, the mitochondria in 162 the CD47-null muscle were of a much broader range of sizes than WTs , nuclear respiratory factor-1 (NRF-1) and PGC1a were determined by Q-PCR using the Sybr Green method. Data is plotted as the ratio of the CD47-null value to the WT value, both of which were first normalized to the level of mRNA for the ribosomal protein 36B4. Tissue from 5 to 16 mice was processed independently for each value shown.
with many very large mitochondria present ( Fig. 2A Electron microscopy of soleus muscle from CD47-null and WT mice. Soleus was rapidly harvested and fixed in a mixture of paraformaldehyde and glutaraldehyde and prepared for thin section TEM. WT muscle is shown in A and CD47-null in B. White arrows indicate mitochondria. The final magnification is 10,000× for both. In C, percent mitochondrial area in ten randomly selected fields was measured for each of 3 animals for each genotype. The CD47 null data (top panel) is for soleus, a type I slow-twitch muscle and the TSP1 null data (bottom panel) is for gastrocnemius, a type II fast twitch muscle. Comparable increases were seen in both muscle types in both knockouts. weighed the same at this age as did male and female CD47 nulls. (A) CD47-null mice weigh significantly less than WTs at both 3 and 12 months of age. Lean (B) and fat (C) body mass were determined by DEXA at both ages. CD47-nulls have significantly less body fat than WTs, accounting for the difference in total body weight (n = 4-6).
in the presence of glutamate (a complex I substrate) was also null skeletal muscle relative to WT levels (Fig. 1) . While some other 300 CD47-null tissues sampled (Fig. 1) notion that lack of CD47 increases NO signaling (Isenberg et al., 2008b) 352 which is at least partially responsible for the increase in mitochondria Perhaps the most striking feature of the mitochondrial phenotype 371 of the CD47-null mice is that the differences with WTs seen at three functional parameters from 3 to 12 months of age (Wenz et al., 2009 ).
380
In that study, the continued elevated expression of PGC1α in muscle 381 prevented or slowed much of the age-dependent decrement in 382 mitochondria and muscle performance and other sequellae of aging.
383
In our case, there is a marked decline in mitochondrial transcriptional 384 regulators and the density of mitochondria in the CD47 null mice by intriguing to note that expression levels of sirt-1, which deacetylates 395 and activates PGC1α (Rodgers et al., 2005) , also drop substantially in 396 skeletal muscle between 3 and 12 months of age (our unpublished 397 data).
398
In other studies, deletion of either TSP1 or CD47, knockdown of 
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